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                \begin{document}$$c\bar{c}$$\end{document}$ pair followed by the evolution of this pair into a charmonium state. Charmonium measurements in pp collisions are essential to the investigation of their production mechanisms. They also provide a baseline for proton-nucleus and nucleus-nucleus results which in turn are used to quantify the properties of the quark-gluon plasma \[[@CR1], [@CR2]\].

Mainly three theoretical approaches are used to describe the hadronic production of charmonium: the Color Evaporation Model (CEM) \[[@CR3], [@CR4]\], the Color Singlet Model (CSM) \[[@CR5]\] and the Non-Relativistic Quantum Chromo-Dynamics model (NRQCD) \[[@CR6]\]. These approaches differ mainly in the treatment of the evolution of the heavy-quark pair into a bound state. In the CEM, the production cross section of a given charmonium is proportional to the $\documentclass[12pt]{minimal}
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                \begin{document}$$c\bar{c}$$\end{document}$ production with the same quantum numbers as the final-state meson. In particular, only color-singlet (CS) $\documentclass[12pt]{minimal}
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                \begin{document}$$c\bar{c}$$\end{document}$ pair produced either in a CS or in a color-octet (CO) state. The color neutralization of the CO state is treated as a non-perturbative process. For a given order in $\documentclass[12pt]{minimal}
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                \begin{document}$$\alpha _s$$\end{document}$, it is expanded in powers of the relative velocity between the two charm quarks and parametrized using universal Long Distance Matrix Elements (LDME) which are fitted to the data. The predictive power of NRQCD calculations is tested by fitting the LDME to a subset of the data and comparing cross sections calculated with these LDME to measurements performed at different energies. It is therefore crucial to confront these models to as many measurements as possible, over a wide range of $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}\,$$\end{document}$, and with as many different charmonium states as possible. The comparison can also be extended to observables other than cross sections, such as charmonium polarization \[[@CR7]--[@CR9]\].

In this paper we present results on the production cross sections of inclusive $\documentclass[12pt]{minimal}
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All cross sections reported in this paper are inclusive and contain, on top of the direct production of the charmonium, a contribution from the decay of heavier charmonium states as well as contributions from the decay of long-lived beauty flavored hadrons (*b*-hadrons). The first two contributions (direct production and decay from heavier charmonium states) are commonly called prompt, whereas the contribution from *b*-hadron decays is called non-prompt because of the large mean proper decay length of these hadrons ($\documentclass[12pt]{minimal}
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The paper is organized as follows: the ALICE apparatus and the data samples used for this analysis are described in Sect. [2](#Sec2){ref-type="sec"}, the analysis procedure is discussed in Sect. [3](#Sec3){ref-type="sec"} while the results are presented and compared to measurements at different $\documentclass[12pt]{minimal}
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Apparatus and data samples {#Sec2}
==========================

The ALICE detector is described in detail in \[[@CR16], [@CR17]\]. In this section, we introduce the detector subsystems relevant to the present analysis: the muon spectrometer, the Silicon Pixel Detector (SPD), the V0 scintillator hodoscopes and the T0 Cherenkov detectors.

The muon spectrometer \[[@CR18]\] allows the detection and characterization of muons in the pseudorapidity range $\documentclass[12pt]{minimal}
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                \begin{document}$$-4<\eta <-2.5$$\end{document}$.[1](#Fn1){ref-type="fn"} It consists of a ten-interaction-lengths front absorber followed by a 3 T m dipole magnet coupled to a system of tracking (MCH) and triggering (MTR) devices. The front absorber is placed between 0.9 and 5 m from the Interaction Point (IP) and filters out hadrons and low-momentum muons emitted at forward rapidity. Tracking in the MCH is performed using five stations, each one consisting of two planes of cathode pad chambers positioned between 5.2 and 14.4 m from the IP. The MTR is positioned downstream of a 1.2 m thick iron wall which absorbs the remaining hadrons that escape the front absorber as well as low-momentum muons. It is composed of two stations equipped with two planes of resistive plate chambers each placed at 16.1 and 17.1 m from the IP. A conical absorber ($\documentclass[12pt]{minimal}
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The SPD is used to reconstruct the primary vertex of the collision. It is a cylindrically-shaped silicon pixel tracker and corresponds to the two innermost layers of the Inner Tracking System (ITS) \[[@CR19]\]. These two layers surround the beam pipe at average radii of 3.9 and 7.6 cm and cover the pseudorapidity intervals $\documentclass[12pt]{minimal}
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The V0 hodoscopes \[[@CR20]\] consist of two scintillator arrays positioned on each side of the IP at $\documentclass[12pt]{minimal}
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Finally, the T0 detectors \[[@CR21]\] are used for the luminosity determination. They consist of two arrays of quartz Cherenkov counters placed on both sides of the IP covering the $\documentclass[12pt]{minimal}
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The data used for this paper were collected in 2015. They correspond to pp collisions at $\documentclass[12pt]{minimal}
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Analysis {#Sec3}
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Track selection {#Sec4}
---------------
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The procedure used to reconstruct muon candidates in the muon spectrometer is described in \[[@CR18]\]. Once muon candidates are reconstructed, additional offline criteria are applied in order to improve the quality of the dimuon sample and the signal-to-background (S/B) ratio.
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Signal extraction {#Sec5}
-----------------
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Acceptance and efficiency corrections {#Sec6}
-------------------------------------
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The other three sources of systematic uncertainty (tracking efficiency in the MCH, MTR efficiency, and matching between MTR and MCH tracks) are evaluated using the same procedure as in \[[@CR13]\], by comparing data and MC at the single muon level and propagating the observed differences to the dimuon case.

Summary of the systematic uncertainties {#Sec7}
---------------------------------------
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Comparisons to models {#Sec11}
---------------------

As discussed in the introduction, all ALICE $\documentclass[12pt]{minimal}
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In the left panel of Fig. [7](#Fig7){ref-type="fig"}, ALICE data are compared to three calculations: (i) in grey to a prompt $\documentclass[12pt]{minimal}
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Except for the cross section ratios, in all other panels the same strategy as in Fig. [7](#Fig7){ref-type="fig"} is applied and the non-prompt contribution to inclusive charmonium production is added to the model using FONLL before comparing to the data. The FONLL+NRQCD summation is not performed for $\documentclass[12pt]{minimal}
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Since the NRQCD+CGC calculation from \[[@CR36]\] extends down to zero $\documentclass[12pt]{minimal}
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In Fig. [10](#Fig10){ref-type="fig"}, the ALICE measurements are compared to a second set of NLO NRQCD calculations from Butenschön and Kniehl \[[@CR39]\]. In this case only high-$\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm {\textsc {t}}}$$\end{document}$ cut. As was the case for the comparisons shown in Figs. [8](#Fig8){ref-type="fig"} and [9](#Fig9){ref-type="fig"}, FONLL is used to estimate the contribution from non-prompt charmonium production and added to the NRQCD calculation.

The two NLO NRQCD calculations from Butenschön and Kniehl (Fig. [10](#Fig10){ref-type="fig"}) and from Ma, Wang and Chao (Fig. [8](#Fig8){ref-type="fig"}) differ in the parametrization of the Long Distance Matrix Elements (LDME) used to calculate the color-octet contributions to the charmonium production cross section. The first calculation uses three matrix elements whereas the second uses only two linear combinations of these three elements. Other differences include: the data sets used to fit these matrix elements, the minimum $\documentclass[12pt]{minimal}
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Conclusions {#Sec12}
===========
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With the large contribution from non-prompt $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {J}/\psi $$\end{document}$ to the inclusive cross sections observed for high $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {\textsc {t}}}$$\end{document}$ at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sqrt{s}=13$$\end{document}$ TeV, it is of relatively little interest to try to further extend the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {\textsc {t}}}$$\end{document}$ reach of the inclusive measurement for understanding charmonium production. This is as long as one is not capable of separating experimentally the prompt and the non-prompt contributions and relies on models instead. This separation will become possible in ALICE starting from 2021 with the addition of the Muon Forward Tracker \[[@CR40]\].

We note that the ALICE reference frame defines the positive *z* direction along the counter-clockwise beam direction, resulting in a negative pseudorapidity range for detectors like the muon spectrometer. However, due to the symmetry of pp collisions, the rapidity is kept positive when presenting results.
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